The time of synthesis, the molecular weight, and the relative glutamine-glutamate and proline to leucine ratios of the endosperm proteins of wheat (Triticum aestivum L. cv. Logan) were determined using a sodium dodecyl sulfatepolyacrylamide gel technique. In general, synthesis of most proteins occurred through much of the maturation of the seed, but past 20 days the rate of synthesis of the high molecular weight proteins declined more rapidly than those of lower molecular weight. The labeled "C amino acid mixture (0.1 mCi/0.1 mg/ml in proportions typical of an algal protein hydrolysate, Volk Radio Chemical Co., Burbank, Calif.) for 20 hr at 25 i 5 C. The final pH of the incubation mixture (including seed) was between 5 and 5.5. Subsequent experiments using buffered "C-labeled amino acid solutions have yielded similar results. Incubation was done in 5-mm i.d. test tubes which held the seed upright allowing the seed's vascular system to be submerged in the 30-,l droplet. Seeds used for determining the glutamate, glutamine, or proline to leucine ratios were harvested at 14 days and treated as above except that the appropriate mixtures of uniformly labeled 14C glutamate, 14C glutamine, and 14C proline with nominally labeled 4,5-3H leucine in pH 4, 0.01 M P04 buffer were used as incubation mixtures (0.0176 mCi 14C, 0.083 mCi 3H per ml; New England Nuclear, Boston, Mass.). After incubation, the seeds were rinsed with distilled H2O; the endosperms were dissected from the seed and frozen at -80 C until the time of extraction. As seed maturation proceeded, the amount of label incorporated relative to the protein present in the seeds steadily decreased until at 26 days the gels had to be heavily loaded in order to get sufficient radioactivity for counting individual bands.
important role in the expression of seedling vigor. The combination of glutamine-glutamate and proline make up as much as 40 mole % of the total amino acid composition of wheat meal. These amino acids have been shown to be positively correlated with seedling vigor (7) . The sparsity of information concerning the composition and function of cereal endosperm proteins may be partly due to their insolubility in most solvents. Recently SDS has been shown to be an excellent protein-solubilizing agent (9) and a technique for achieving superior fractionations of SDSsolubilized proteins has been developed (4) . To labeled "C amino acid mixture (0.1 mCi/0.1 mg/ml in proportions typical of an algal protein hydrolysate, Volk Radio Chemical Co., Burbank, Calif.) for 20 hr at 25 i 5 C. The final pH of the incubation mixture (including seed) was between 5 and 5.5. Subsequent experiments using buffered "C-labeled amino acid solutions have yielded similar results. Incubation was done in 5-mm i.d. test tubes which held the seed upright allowing the seed's vascular system to be submerged in the 30-,l droplet. Seeds used for determining the glutamate, glutamine, or proline to leucine ratios were harvested at 14 days and treated as above except that the appropriate mixtures of uniformly labeled 14C glutamate, 14C glutamine, and 14C proline with nominally labeled 4,5-3H leucine in pH 4, 0.01 M P04 buffer were used as incubation mixtures (0.0176 mCi 14C, 0.083 mCi 3H per ml; New England Nuclear, Boston, Mass.). After incubation, the seeds were rinsed with distilled H2O; the endosperms were dissected from the seed and frozen at -80 C until the time of extraction. As seed maturation proceeded, the amount of label incorporated relative to the protein present in the seeds steadily decreased until at 26 days the gels had to be heavily loaded in order to get sufficient radioactivity for counting individual bands.
Proteins from mascerated endosperm tissue were solubilized by incubating the tissue in a solution containing 8 M urea, 2% (w/v) SDS (Pierce Chemical, Rockville, Md.), 5% (w/v) mercaptoethanol, and 0.0625 M tris, pH 6.8, for 48 hr at 25 i 5 C with periodic stirring. Throughout the remainder of this paper the word protein will include polypeptides released by disulfide bond reduction as well as proteins not so derived. The proteins were stored up to 10 days in the solubilizing solution. The discontinuous buffer system of Laemmli (4) (Fig. 1) Other than the peak in region j (Fig. 2) Because of the high content of glutamine-glutamate and proline, the amino acid composition of endosperm proteins from most cereal grains is unusual (Fig. 3) . In some seeds these three amino acids comprise up to 40% of the total protein composition. ment was designed. Mixtures of 3H leucine (an amino acid present in usual concentrations in endosperm protein) and 4C-labeled glutamine, glutamate, or proline were incubated with 14-day-old seed. Figure 3 shows that the ratio of proline to leucine in the major proteins is fairly constant. The ratio of glutamineglutamate to leucine is more variable with the proteins in regions a and b, having a glutamate-glutamine to leucine ratios approximately double that of the average. There was no evidence for a polyglutamine-glutamate-proline protein.
DISCUSSION
There is considerable work in the literature about the time of synthesis of different wheat proteins (1-3, 10 ). This study departs FLINT, AYERS, AND RIES from these earlier papers in that no attempt was made to fractionate the endosperm proteins into the solubility classes of Osborne before separation on electrophoretic gels. Synthesis of individual polypeptides has been viewed during development without prior fractionation into solubility classes. The solubility classes were defined on proteins from mature seed and it seemed possible that proteins which fall into one solubility class during early development could become part of another class later during maturation.
Results from the scanning and single labeling studies when viewed together indicate that the first half of seed maturation can be divided into two periods, an early period (before day 5) where the pattern of protein synthesis changes rapidly and a later period where the pattern of protein synthesis is quite stable. This may indicate that during the early part of seed maturation functional proteins necessary for production of reserve materials are formed. At this early period they constitute the major fraction of protein present but later become obscured by the accumulating storage materials even though they may not have decreased in absolute amounts. The production of most proteins continues through much of the maturation period with the synthesis of the high mol wt proteins declining more rapidly toward the end of maturation than the synthesis of the lower mol wt materials. The most notable exception to this general synthesis pattern is associated with the protein found in region e (Fig. 2) . The synthesis of this protein is apparently not initiated until well into seed maturation and continues at a rapid rate when the synthesis of most endosperm proteins (at least relative to itself) has sharply declined. The function of this protein may be interesting since its synthesis appears to be initiated long after the maturing seed is capable of germinating and producing a seedling. It would be interesting to study the relationship of this protein to seedling vigor as well as changes in ultrastructure of the seed which occurs at the time of its formation.
The dual label studies indicate that the high glutamine-glutamate and proline composition of cereal endosperm does not result from a few proteins extremely high in these amino acids but rather from a more uniform lower contribution from a larger sample of storage proteins. These studies seem to rule out the possibility of proteins made up entirely of one or more of these three amino acids analogous to the arginine-aspartic acid storage proteins found in some algae (8) .
